Objectives This study was undertaken to compare the anesthetic properties of 4 % Articaine hydrochloride and 2 % Lidocaine both with 1:100,000 epinephrine for mandibular inferior alveolar nerve anesthesia. Materials and Methods Thirty healthy patients were included in this randomized double-blind clinical cross over study. Each subject received each test solution at different times. Inferior alveolar nerve block anesthesia was used for extraction of bilateral impacted mandibular third molar on different occassions. The time of onset of action, duration of anesthesia, efficacy of anesthesia, hemodynamic parameters and oxygen saturation were monitored during the procedure. A visual analog scale was used to assess pain during surgery, and thus subjectively evaluate the anesthetic efficacy of the two solutions. Results No statistically significant differences were seen in the onset and duration of anesthesia between the Articaine and Lidocaine solutions. Conclusions 4 % Articaine offers better clinical performance than 2 % Lidocaine, particularly in terms of latency and duration of the anesthetic effect. However, no statistically significant differences in anesthetic efficacy were recorded between the two solutions.
Introduction
Dentistry enjoys the first credit of introducing general anesthesia by Horace Wells in 1844, a dentist who inhaled nitrous oxide and got his tooth extracted [1] . The era of local anesthetics started with discovery of Cocaine in 1860 [2] . Later, the developments of Novocain 1904 and then Lignocaine by Lofgren and Lundquist in 1942 revolutionized dental practice. This soon became a gold standard drug against which all other new local anesthetics were compared and later several newer drugs such as Bupivacaine, Etidocaine, Articaine, Mepivacaine etc. were discovered [2, 3] .
Articaine hydrochloride (HCl) in 1969 with the name of Carticaine, was first marketed in Germany in 1976. The pharmacological characteristics of this anesthetic are responsible for its main advantages. Substitution of the aromatic ring with a thiophenic ring increased the liposolubility of the drug along with its potency (1.5 times greater than that of lidocaine) [3] . Moreover, Articaine is the only amide local anesthetic containing an ester group in its molecular structure-thus allowing metabolization of the drug both by plasma esterases and by liver microsomal enzymes. The clinical advantages of Articaine include the duration of its anesthetic effect-only surpassed by ultralong acting anesthetics such as Bupivacaine, Etidocaine and Ropivacaine-and its superior diffusion through bony tissue [4] [5] [6] [7] . Since its discovery various studies have been carried out which compared Articaine with various anesthetic agents.
Lidocaine being the safest, most commonly used anesthetic agent, with encouraging results referring to greater efficacy of Articaine [8, 9] , only few studies [24-26, 35, 36, 44, 45, 50, 51, 53, 55, 59] reported about the comparison of Lidocaine and Articaine and in India only few studies on third molar surgery are conducted, we decided to compare the solution of 2 % Lidocaine in 1:100,000 with 4 % Articaine in 1:100,000 in surgical removal of impacted third molars.
Thus the aims and objectives of the study were planned as:
(1) To assess the efficacy of Articaine and Lidocaine for surgical removal of impacted lower third molar. (2) To study time of onset and duration of anesthesia after injection of Articaine and to compare with Lidocaine. (3) To monitor cardiovascular responses after administration of Lidocaine 2 % and Articaine 4 % with adrenaline 1:100,000. (4) To observe any signs of systemic toxicity clinically.
Materials and Methods
All patients provided written informed consent during the pretreatment screening period before any study procedures were performed. The protocol of this study was approved by the Ethics Committee of Modern Dental College and Research Centre, India.
The study population comprised 30 patients [13 males and 17 females, mean age 25.8 years (standard deviation (SD) = 0.86), range from 18-48 years]; with symmetrically positioned partial impacted lower third molars. Eligibility criteria included absence of systemic illness and no signs of inflammation or infection at the extraction sites. Exclusion criteria included medical history of cardiovascular and kidney diseases, gastrointestinal bleeding or ulceration, allergic reaction to local anesthetic, allergy to aspirin, ibuprofen, or any similar drugs, and pregnancy or current lactation. Patients were also given instructions not to take any other pain medication prior to the removal of the third molars. This was a double-blind study; neither the surgeon nor the patients were aware of the local anesthetic being tested at the two different appointments. Each patient required similar surgical treatment on opposite sides of the mandible, which was performed in two visits, 1 to 2 months apart. For local anesthesia, in the first appointment the patients were randomly selected to receive either 2 % lidocaine (Lignospan Ò , Indore, India) or 4 % Articaine (Articaine 4 % Septanest Ò , Indore, India) both with 1:100,000 epinephrine. In the second appointment, the local anesthetic not used previously was then administered in a crossed manner. All surgeries were performed by the same surgeon.
Effect was defined as follows:
Successful-the patient felt no pain during surgery, patient who only had a short duration of pain sensation when their tooth was sectioned during surgery were also included in this group. Partial successful-the patient experienced some pain, but additional small amount of the same coded local anesthetic solution was sufficient to produce analgesia. Failure-local anesthetic solution had to be given in excess in order to complete surgery.
The data obtained in the study was tabulated under two groups assigned to each of the local anesthetic agent used in the study. Group A was Articaine and group B was Lidocaine.
The data obtained in the study included:
(1) Onset of anesthesia-recorded from time of injection to the onset of anesthesia of the lip as subjective and objective symptoms. slurred speech, apprehension, localized muscular twitching and tremor of the hand and feet, rise in blood pressure, heart rate and respiratory rate were noted. (6) Intra operatively pain was scored on visual analog scale (0-10) (e.g. none, slight, mild, moderate, severe) [60] .
The statistical analysis of the results was carried out with the Student t-and Chi-square tests.
Results
Of the 38 patients, eight were excluded from the study: one due to the development of transient inferior alveolar nerve paresthesia, another because of transient paresthesia of the lingual nerve, and six as a result of voluntary dropout from the study. A total of 60 interventions were included in the study: 30 performed with 2 % lidocaine, and 30 with 4 % articaine (with epinephrine 1:100,000 in both cases). The mean duration of surgery was 28.95 min (SD: 12.49) for Articaine, 28.75 min (SD: 14.49) for lidocaine, without significant differences between the two groups. The mean time of onset anesthetic action subjective symptoms for Articaine was 1.35 min (SD: 0.49) and Lidocaine was 1.40 min (SD: 0.60), the objective symptoms were at 2.12 min (SD: 0.81) for Articaine and 2.15 min (SD: 0.86) for lidocaine; no statistically significant differences being observed between the two anesthetic solutions. In turn, the mean duration of the anesthetic effect was 196.8 min (SD: 57.3) for Articaine and 175.9 min (SD: 51.7) for Lidocaine the difference in this case being statistically not significant (p = 0.092) ( Table 1) .
In one intervention (3.33 % of cases) re-anesthesia of the surgical zone proved necessary for Articaine and four interventions (13.33 % of cases) for Lidoacine (Table 2) . However, in terms of the amount of anesthetic solution used (including the cases of re-anesthesia) during the operation to achieve the desired anesthetic effect, larger volumes of 2 % lidocaine with epinephrine 1:100,000 were required, administering an average of 1.86 ml (SD = 0.41) per operation, versus 1.73 ml (SD = 0.11) in the case of 4 % Articaine with epinephrine 1:100,000. This differences did not quite reach statistical significance, however (p = 0.159). Lastly, subjective intraoperative pain scoring by the patients showed no differences between the two anesthetic solutions, with mean VAS scores of 1.88 (SD: 1.18) and 2.45(SD: 1.68) for articaine and lidocaine, respectively (Table 1) .
With respect to the hemodynamics parameters, there was no statistically significant difference in blood pressure, heart rate, or oxygen saturation before and during the surgery (p [ 0.05) (Figs. 1, 2, 3, 4).
Discussion
The discovery of Lidocaine in 1942 [5] has been landmark in the history of local anesthetic. Today it is considered as a reference standard against which other local anesthetic agents are compared. Various studies have been done in dentistry evaluating the safety and efficacy of Articaine [10, 11, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Since its introduction in 1969, Articaine has gradually become implanted in Europe. Its chemical structure, different to that of other local anesthetics due to substitution of the aromatic ring with a thiophenic ring, and the presence of an additional ester ring, provides Articaine with increased liposolubility and intrinsic potency, as well as greater plasma protein binding versus other commonly used local anesthetic such as Prilocaine or Mepivacaine. These differential characteristics are in turn clinically reflected by a shorter latency and increased duration of anesthesia, as well as superior bony tissue diffusion [50] .
Onset of action
Depends on a number of factors, such as the intrinsic properties of the drug substance used, and the anesthetic technique employed. On the other hand, latency is directly influenced by the corresponding pKa value-smaller pKa values being associated to shorter latency. Accordingly, 4 % Articaine (pKa = 7.8) would at least in theory present a shorter latency than 2 % Lidocaine (pKa = 7.9). Our results coincide with this assumption, since the latency was shorter for Articaine versus Lidocaine. The mean time taken by 4 % Articaine was 2-3 min as compared to 3 min for 2 % Lidocaine [5] . Dugal et al. [23] concluded onset of action of Lidocaine was 1.15 min. Moore et al. [40] reported 4 % Articaine HCl with 1:100,000(A100) as 4.2 ± 2.8 min and for 4 % Articaine HCl with 1:200,000(A200) as 4.7 ± 2.6 min. Colombini et al. [43] 25 min) for Lidocaine. The long period of analgesia for Articaine explained by Gregorio et al. [54] stated that onset of action of Articaine was 1.66 ± 0.13 min. Statistically significant difference was not present in action of onset of the two drugs. The average time of onset for subjective symptoms for Articaine in our study was 1.35 min (1-2 min) and objective symptoms 2.12 min (1.08-4 min). On comparison to Lidocaine it was subjective symptoms 1.40 min (1-3 min) and objective symptoms 2.15 min (1-4 min) . The results of the present study are in accordance with the above reported studies.
Duration of anesthesia
Duration of anesthesia is proportional to its degree of protein binding. However, the duration of the effect of the local anesthetic is also dependent on the injection site or concentration of vasoconstrictor present in the anesthetic solution, among other factors. Articaine presents one of the greatest protein binding percentages of all amide local anesthetics, comparable only to ultra-long action substances such as Bupivacaine, Ropivacaine and Etidocaine. This in turn implies a longer duration of the anesthetic effect [50] . The duration of anesthesia required to complete the procedure will be major consideration in the selection of a local anesthetic solution. In the present study, average duration of anesthesia for Articaine was 196.8 ± 57.3 min (range 85-317) in comparison to Lidocaine which was 175.9 ± 51.7 min (range 60-241). There was no significant difference in duration of anesthesia between two drugs. Articaine stands better in this respect though statistically it is not significant. Haas et al. [25] , Vahatalo et al. [26] and Costa et al. [36] stated that 4 % Articaine with 1:100,000 epinephrine clinically presented the shortest onset and the longest duration periods and both Articaine solutions produced shorter onset and longer duration of pulpal anesthesia by maxillary infiltration than the Lidocaine solution but statistically did not confirm better clinical results. Moore et al. [40] reported mean duration of pulpal anesthesia was (A100)61.8 ± 59 min and (A200)51.2 ± 55.9 min. Colombini et al. [43] concluded that 273.80 ± 15.94 min for Articaine and 216.85 ± 20.15 min for Mepivacaine. Rebolledo et al. [50] reported 220.8 min for Articaine while 168.2 min for Lidocaine anesthesia. The long period of analgesia for Articaine explained by Gregorio et al. [54] in their study stated that the concentration of Articaine in the alveolus of a tooth after extraction is about 100 times higher than in systemic circulation. This saturable local Articaine mechanism has been considered as possibly contributing to the observed duration of the local anesthetic effect. The findings of the present study are confirmatory of the previous studies.
Profoundness/Depth of anesthesia Profoundness of anesthesia was made by means of a visual analog scale (VAS) in which the patient was instructed to score intraoperative pain intensity. In our study intraoperative VAS of 1-10 for Articaine was 1.88 ± 1.18 while for Lidocaine it was 2.45 ± 1.68 but these results are statistically not significant. This is in accordance with Malamed et al. [8, 9] , Rebolledo et al. [50] . Gregorio et al. [54] reported the intra operative analgesia evoked by Articaine may be explained by its ability to readily diffuse through tissues due to the presence of thiophene group in the molecule which increases liposolubility. Sumer et al. [57] reported that painfulness of local anesthetic injections may be related to the pH of the injected solutions. Local anesthetic solutions with low pH have been thought to cause a burning sensation and thus more pain than anesthetics with more neutral pH. The pH of Lidocaine is 5-5.5 while that of Articaine is 4.4-5.2 and Prilocaine was 3.5-5.2 and concluded that there was no significant differences among the anesthetic solutions for injection pain. Nusstein et al. [35] reported that the intra-ligamentary injection pain of 4 % Articaine with 1:100,000 epinephrine was similar to 2 % Lidocaine when administered with a computer-controlled local anesthetic local anesthetic delivery system. Haase et al. [53] stated that there was no significant difference with the injection pain of both the solutions.
With regards to surgical analgesia, no significant difference exists between the two solutions. Successful analgesia was noted in 96.67 % of patients in Articaine group and 86.67 % of patients in Lidocaine group ( Table 2) .
Efficacy of Articaine
In this study a clinical evaluation of the efficacy of the two anesthetic solutions was made by comparing the need for re-anesthesia during surgery. In one intervention (3.33 %) another dose of Articaine had to be administered via local infiltration technique. The number of repeat anesthetic procedures was greater when using 2 % Lidocaine (13.33 %). On the other hand, this difference in the total amount of anesthetic solution used for Articaine is 1.73 ± 0.11 ml and that for Lidocaine is 1.86 ± 0.41 ml and the value is similar to the value reported by Malamed et al. [8] in their multi-centric study of 1,325 adult patients. However, the difference in both the mean frequency and amount of solution used for re-anesthesia of the surgical zone failed to reach statistical significance. This was in accordance to Rebolledo et al. [50] . Potonick et al. [45] reported that 2 % Articaine more effectively depresses the compound action potential of the A fibers in the isolated rat sural nerve than either 2 % or 4 % Lidocaine or 3 % Mepivacaine. Paessler et al. [46] concluded that the 4 % Articaine solution did not prove superior in local anesthetic effect. Articaine 2 % with epinephrine 1:200,000, therefore, can be considered a suitable local anesthetic for tooth extractions. The most noticeable difference observed between the two injection solutions concerned the duration of anesthesia, which was significantly shortened under the low dose solution. Foster et al. [17] , Kanaa et al. [44] , Robertson et al. [47] and Haase et al. [53] concluded that buccal infiltration of the mandibular first molar with 4 % Articaine of 1:100,000 epinephrine will result in a higher success rate than 2 % Lidocaine with 1:100,000 epinephrine, but the duration of pulpal anesthesia will decline over 60 min with either formulation. Tofoli et al. [34] and Moore et al. [48] reported that 4 % Articaine anesthetic formulations containing epinephrine provided excellent surgical pain control. For patients who can tolerate higher amounts of epinephrine, the 4 % Articaine 1:100,000 epinephrine formulations had the additional therapeutic advantage of providing better visualization of the surgical field and less bleeding. Santos et al. [49] reported that epinephrine concentration in 4 % Articaine solution does not influence the clinical efficacy of local anesthetic in terms of anesthetic properties (latency, post operative analgesia, post operative anesthesia and quality of anesthesia), intra operative bleeding and hemodynamic parameters in patients undergoing lower third molar removal. Gregorio et al. [54] stated that 4 % Articaine provided shorter time of onset, comparable homeostasis and post operative pain control with a shorter duration of soft tissue anesthesia in lower third molar removal. Uckan et al. [39] and Lacet-Lima et al. [58] reported that Articaine demonstrated relatively good vestibule palatal diffusion with efficacy rates of anesthesia 98 %. Retained maxillary third molar extractions could be performed with only buccal vestibule infiltrative terminal anesthesia in the majority of cases with no need for supplemental palatal anesthesia [58] .
Pulse Rate
In our study the values of cardiovascular parameters showed that pulse rate increased with injection of 4 % Articaine and 2 % Lidocaine. The increase in pulse rate was maximum after 5 min of administration of Articaine and Lidocaine. The mean rise in Articaine group was 4 beats/min and the percentage increase from basal value was by 4.39 % and gradually decreased to the basal value after 30 min. The mean rise in Lidocaine group was 6.4 beats/min and the percentage increase from the basal value was by 7.46 % and gradually decreased to the basal value after 30 min. This correlates that the pulse rate increased during the time of incision and osteotomy but gradually decreases to normal base line over time. This was in accordance to Moore et al. [40] , Martinez et al. [52] , Vasconcellos et al. [56] . Meral et al. [16] reported that increase in pulse rate immediately after injection were likely an expression of endogenous catecholamine because of the injection pain. Nusstein et al. [35] concluded that pulse rate did not significantly increase with intra-ligamentary injection using the computer-controlled local anesthetic system with both anesthetic solutions.
Blood Pressure
The change in the systolic and diastolic blood pressure was recorded after administration of the local anesthetic agent and compared with the base line value in both the groups. There was no significant change noted in the systolic or diastolic blood pressure from the base line values at different time intervals after administration of both the anesthetic solutions (p [ 0.05). Hersh et al. [41] reported that there was greater evidence of increase in systolic blood pressure in Articaine with 100,000 epinephrine (A100) after completion of injection when compared to Articaine with 200,000 epinephrine (A200). Santos et al. [49] reported that transient increase or decrease in blood pressure and oxygen saturation were observed but they were neither clinically significant nor statistically significant. Several authors Malamed et al. [8, 9] , Brkovic et al. [18] , Colombini et al. [43] , Martinez et al. [52] , Elad et al. [55] , Vasconcellos et al. [56] were in accordance with our findings. On the contrary Moore et al. [40] reported that only A100 treatment group showed a statistically significant decrease in systolic blood pressure at the completion of testing A100 decreased 2.6 mmHg, p = 0.0153). Both A100 and A200 treatment groups showed small (2-4 mmHg) but statistically significant decreases in diastolic blood pressure 5 min post injection, both were considered as minimal clinical significance. Hence findings of the present study coincide with the findings of previous authors.
Oxygen Saturation
The change in the oxygen saturation was recorded after administration of the local anesthetic agent and compared with the base line value in both groups. There was no significant change noted in the oxygen saturation from the base line values at different time intervals after administration of 4 % Articaine and 2 % Lidocaine (p [ 0.05). Several authors Colombini et al. [43] , Santos et al. [49] , Martinez et al. [52] , Elad et al. [55] reported in accordance to our result. Vasconcellos et al. [56] suggested that all patients submitted to surgery for removal of third molars are at risk for hypoxia. Short episodes of hypoxia may have only minor consequences in healthy patients, but those in unhealth may develop serious complications.
Adverse Effects
According to literature Articaine has potential to cause methemeglobinemia, neuropathies, paresthesia [7, 14, 15, 32, 38, 50] , hypersensitivity [28] , allergy [29, 31] . Malamed et al. [8, 9] reported overall incidence of adverse events in the combined studies was 22 % for Articaine and 20 % Lidocaine of which paresthesia was 0.9 %, hypoesthesia 0.7 %, headache 0.55 %, infection 0.45 %, rash and pain 0.3 %. Potonick et al. [45] reported that although 4 % Articaine is more effective, they suggested that it may be worth considering replacing the 4 % Articaine with 2 % Articaine solution as the risk of an intravenous injection of the anesthetic solution during the induction of inferior alveolar nerve block and the possibility that the 4 % Articaine solution may increase the incidence of non surgical paresthesia. In our study, two patients experienced inferior alveolar nerve paresthesia who were anesthetized by Articaine. Rebolledo et al. [50] reports there is insufficient evidence to believe the underlying cause to be the type of anesthetic used. We therefore consider that further studies are needed to establish such a possible relationship. Most of the findings between Lidocaine and Articaine are comparable but statistically insignificant. Clinically significant difference exist wherein Articaine is found more comfortable to the patient with less bleeding, more profoundness, less time of onset of action, slightly larger duration of anesthesia and surgeons comfort. Hence the authors have recommended Articaine practically a better anesthetic [49, 50] .
Conclusion
Thus it can be concluded that Articaine was as potent as Lidocaine and showed similar properties to Lidocaine (Gold standard) and better cardiac stability. In medically compromised patients where the use of Lidocaine with adrenaline can be recommended with caution, Articaine can be a better acceptable alternative. However, further studies are required in these groups of patients to prove its safety. Clinically significant advantage was found in Articaine. The main advantage of Articaine is its better haemostatic and bone diffusibility but the drawback of Articaine is paresthesia. There is absolutely no scientific evidence available to support the claim that Articaine is associated with a greater incidence of paresthesia [5, 10, 11, 31] . However further studies on a larger group of population are recommended for greater authenticity of this relatively new drug in oral and maxillofacial surgery in India to make as popular and safer to be used as a routine anesthetic agent in dentistry. Study in other surgical procedures, particularly larger surgical procedures as well as medically compromised patients are also recommended to give clinically significant rating to either of these drugs.
